This research combines theory with experiment to investigate the influence of an elastic boundary on modal parameters of a thin cylindrical shell (TCS). First, artificial stiffness method and finite element method (FEM) are employed to calculate natural frequencies and modal shapes of TCS under condition such that vibration characteristics of elastically supported shell can be roughly mastered. Then, the following measurements and identification techniques are used to get precise frequency, damping, and shape results: non-contact laser Doppler vibrometer and vibration shaker with excitation level being precisely controlled are used in the test system; "pre-experiment" is adopted to determine the required tightening torque as well as to verify whether or not the tested shell is under constraint boundary; and small-segment FFT processing technique is employed to accurately measure nature frequency, and laser rotating scanning technique is used to get shape results with high efficiency. Finally, based on the accurate measured data, the influences on natural frequencies, modal shapes, and damping ratios of TCS under elastic boundary are analysed and discussed. It can be found that an elastic boundary can significantly affect frequency and damping results, clearly reducing high order damping and decreasing natural frequencies of most modes. However, high order natural frequencies and mode shapes are still the same as the ones under the constraint condition, and the changing trend of natural frequencies with mode shapes is constant when the order of axial mode is m = 1, which agrees well with the results calculated by artificial stiffness method and FEM.
INTRODUCTION
Thin cylindrical shell (TCS) has long been an important structural component due to its high stiffness to weight and strength to weight ratios, which is widely used in engineering fields, such as aircraft casings, pipes and ducts, rotary drums in granulators and aircraft engines.
1, 2 Modal parameters of TCS are mainly composed of natural frequencies, modal shapes, and damping ratio, and these parameters are the basis of further 3-5 study on vibration characteristics of TCS, which are of great importance to theoretical modelling, response prediction, vibration reduction optimization, vibration mechanism research, structural damage identification etc.
In engineering practice, in order to reduce the vibration stress and suppress vibration fatigue of TCS, some vibration reduction techniques 6, 7 are used artificially. For example, friction damping snubber, metal rubber, elastic rubber and other material are gradually used to substitute traditional constraint or fixed boundary for elastic boundary, which can bear proper extrusion deformation to absorb and consume structural vibration energy. At present, the advantages of elastic boundary are recognized by an increasing number of engineers and researchers, 8, 9 and it has been approved to be an effective application in vibration control of the shell. There are also many shell structures running without under complete restraint boundary, or this may be called elastic boundary in a wider sense, especially when it is excited by the complex external loads, such as high-speed aerodynamic load and centrifugal load. Besides, TCS are often installed or connected by welding, riveting, and bolting, which can inevitably lead to loose or elastically restrained condition; 10 thus, it is hard to ensure whether the shell is working under complete restraint boundary, and elastically supported shell structures are common in engineering field.
Currently, great efforts have been made to study vibration character of TCS under elastic boundary by scholars and researchers, and many encouraging research results have been obtained. For example, Forsberg 11 studied the influence of boundary conditions on the modal characteristics of thin cylindrical shells. Total 16 possible sets of homogeneous boundary conditions were specified independently at each end of the shell, and these sets of conditions were discussed in detail. It has been found that even for long cylinders (length to radius ratio of 40 or more) the minimum natural frequency may differ
